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Abstract
Holographic currents and their associated Ward identities are derived in the framework of grav-
ity/gauge duality. Holographic improvements of the energy-momentum tensor and R-symmetry
current which are consistent with the Ward identities are displayed. The effects of specific string
loop corrections to the bulk action are included as four derivative effective lagrangian terms and
their contributions to the trace and R-symmetry anomalies of the boundary theory are determined.
As an example, the construction is applied to the N = 2 conformal supergravity which is taken to
be dual to a boundary SU(N)× SU(N), N = 1 superconformal field theory.
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I. INTRODUCTION
Type IIB string theory on an AdS5× Y5 background, where Y5 is a Sasaki-Einstein man-
ifold, for large radii and with a stack of N -D3-branes at the tip of the conical singularity
is approximated by a N = 2 conformal supergravity which in turn is dual to a N = 1
superconformal field theory on the Minkowski space-time M4 boundary of the AdS5 space
[1]-[3]. The values of the central charges of the superconformal field theory (SCFT), a and
c, designate different boundary field theories dual to the bulk AdS supergravity [4]. In-
deed the energy-momentum tensor trace and the R-symmetry current anomalies calculated
holographically in the supergravity theory and obtained in terms of the central charges in
the boundary field theory have been shown to match in leading order [5], while imposing
subleading order matching provides a measure of the string loop corrections to the super-
gravity action through the value of the coefficient governing the higher derivative action
terms [6]-[11].
The trace anomaly of the boundary N = 1 SCFT in the presence of background grav-
itational and U(1)R gauge fields and in the absence of sources related to any other global
symmetries has the general form [4]
θµµ =
1
16π2
[
cW 2 − aR2GB
]
+
c
6π2
FµνF
µν , (1)
whereWµνρσ = Rµνρσ+1/(d−2)[gρµRνσ−gρνRµσ−gσµRνρ+gσνRµρ]−1/(d−2)(d−1)(gρµgνσ−
gρνgµσ)R is the Weyl tensor in d-dimensional space-time with Rµνρσ the Riemann tensor and
RGB
2 the Einstein-Gauss-Bonnet invariant RGB
2 = R2µνρσ−4R2µν+R2 in all dimensions. Fµν
is the U(1)R gauge field strength tensor. Expanding the gravitational contributions to the
anomaly yields
θµµ =
1
16π2
[
2(2a− c)RµνRµν + 1
3
(c− 3a)R2 + (c− a)RµνρσRµνρσ
]
+
c
6π2
FµνF
µν . (2)
For a R-current defined so that it lies in the same N = 1 SUSY supercurrent multiplet as
the energy-momentum tensor and with the trace and R-current anomalies also appearing
in their own SUSY anomaly multiplet, then the R-symmetry current anomaly is given in
terms of the same a and c coefficients and has the form [4]
∂µ(
√−gRµ) = 1
24π2
(c− a)ǫµνρσRξζ µνRξζρσ +
1
18π2
(5a− 3c)ǫµνρσFµνFρσ. (3)
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In order for these currents, along with the SUSY current, to lie in the same N = 1 super-
multiplet, they must have appropriate normalization and improvements. If the R-charges
are defined differently, say by a rescaling by r, R → rR, then the contribution to the FF˜
term will be scaled as r3 while the RR˜ contribution to the anomaly triangle will be scaled
only linearly with r. Furthermore, if the overall normalization of the R-current is also scaled
so that Rµ → λRµ, then the two terms on the right hand side of the divergence equation
(3)get modified by λr and λr3 factors respectively. These factors will be necessary in match-
ing the holographically defined boundary currents to the conventional SCFT supercurrent
components.
The field theory determination of these anomaly coefficients is [4]
a =
3
32
(
3TrR3 − TrR) , c = 1
32
(
9TrR3 − 5TrR) , (4)
where R is the R-symmetry charge of the fields and the trace is over all chiral fermion fields.
Inverting these expressions yields the linear and cubic nature of their triangle contributions
Tr[R] = −16(c − a) and Tr[R3] = 16(5a − 3c)/9. The leading N2 contribution to the
anomaly coefficients implies that c = a for the class of models considered here. Hence
the gravitational field contribution to the trace anomaly occurs only through the Ricci
tensor and scalar curvature terms and not the Riemann tensor term, while there is no
leading order gravitational contribution to the R-symmetry anomaly. The subleading large
N contributions to both anomalies are reflected not only in the (c− a) 6= 0 difference of the
central charges but also in the subleading corrections to each individually.
On the supergravity side, the leading order contributions to the anomalies are given by
the 2 derivative terms in the bosonic part of the supersymmetric action
ΓLeading =
∫
d5x detE
[
1
2κ
R + Λ− ZA
4
FMNF
MN + CEMNRSTFMNFRSAT
]
, (5)
where detE EMNRST = ǫMNRST and EAM is the gravitational fu¨nfbein. The AdS5 gravita-
tional constant is 2κ = 16πG5 and the cosmological constant is Λ = −6/κR25 with R5 the
AdS5 radius of curvature. The U(1)R field strength tensor FMN = ∂MAN −∂NAM while the
re-scaled gauge field wavefunction normalization factor ZA is determined by matching the
holographic energy-momentum tensor anomaly to that of the boundary SCFT as given in
equation (2). The N = 2 SUSY determines the Chern-Simons coefficient (see Appendix A)
C =
(ZA2κ)
3/2
24κ
√
3
. (6)
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The leading order trace anomaly was found in reference [5] in the absence of the U(1)R field
strength. After its inclusion, the trace anomaly is
θµ µ =
(
1
8
R35
κ
)[
RµνR
µν − 1
3
R2
]
+
(
R5ZA
4
)
FµνF
µν . (7)
Comparing this to equation (2) yields the leading order results that a = c and identifies the
gravitational constant as R35/κ = a/π
2. Requiring consistency for the F 2 contribution yields
that the wavefunction normalization factor satisfies ZAR5 = 2a/3π
2. The direct variation of
the action with respect to R-symmetry transformations, δRAM = ∂MΩ, yields the divergence
of the holographic R-current in leading order as
δRΓLeading = −C
∫
M4
d4x Ω(x)ǫµνρσFµνFρσ. (8)
AdS/CFT duality implies that the holographic R-current anomaly coefficient C is
λr3C =
1
18π2
(5a− 3c) = a
9π2
. (9)
Inserting the definition of C from equation (6) in terms of a and c requires the normalization
of the charges and current to obey λr3 = 3 in order for the R-current to belong to the N = 1
supercurrent multiplet.
The subleading contributions to the anomalies arise due to higher order 4 derivative
terms in the action coming from string loop effects along with subleading corrections to
the coefficients of the 2 derivative terms [6]-[11]. The R-symmetry anomaly arises directly
from the variation of the 5 dimensional mixed U(1)R gauge field and gravitational field
Chern-Simons term as
ΓRRA = −D
∫
d5x detE EMNRSTRXYMNR
Y
XRSAT , (10)
where D ≡ −γR35/3 and γ sets the scale of the SUSY completion of the 4 derivative contri-
butions to the action. In the notation of reference [11] 16πG5γ = c2/192. The U(1)R trans-
formation, δRAT = ∂TΩ, yields the gravitational contribution to the R-symmetry anomaly
as
δRΓRRA = −D
∫
M4
d4x Ω(x)ǫµνρσRξζ µνRξζρσ. (11)
Exploiting AdS/CFT duality, the boundary SCFT result for the gravitational contribution
to the R-anomaly is such that the holographic R-current and R-charges must include the
4
rescaling by λ and r in order for the R-current to fit in the supercurrent with the holographic
energy-momentum tensor, so that
λrD =
1
24π2
(c− a). (12)
As in leading order case, the 2-derivative pure U(1)R gauge Chern-Simons term is responsible
for the gauge field contribution to the R-anomaly. With an AdS action term of the form
[2], [14]
ΓFFA = C
∫
d5x detE EMNRSTFMNFRSAT , (13)
where C is fixed by supersymmetry [11] through subleading order (see Appendix A) to be
C = 2R35[1 + 12γ(2κ)/R
2
5]/27(2κ). As previously, its contribution to the R-anomaly is
δRΓFFA = −C
∫
M4
d4x Ω(x)ǫµνρσFµνFρσ. (14)
AdS/CFT duality implies that the R-anomaly anomaly coefficient C is
λr3C =
1
18π2
(5a− 3c). (15)
Note that (c− a)/a = 8D/(3r2C + 12D) = 8D/3r2C to subleading order.
On the other hand, the SUSY completion of the mixed Chern-Simons term requires
many more 4 derivative terms to be added to the supergravity action [6]-[11] albeit with
relative coefficients determined by the supergravity transformations and overall coefficient
fixed by γ [11]. In the SUSY case discussed here, the Weyl tensor squared term has been
shown [11] to be the source of the corresponding subleading pure gravitational corrections
to the trace anomaly. The two independent gravitational tensor couplings to the U(1)R field
strength bilinear along with the three field strength covariant derivative bilinears provide
the subleading field strength squared corrections as shown in Appendix A for arbitrary
coefficients. (Indeed the coupling of the Weyl tensor to the field strength, FMNFRSW
MNRS,
does not contribute to the anomaly while the remaining couplings to the Ricci tensor and
scalar curvature do contribute.) For the conformal supergravity values of the coefficients
[11] this action reads
ΓSubleading = γ
∫
d5x detE
[
WMNRSW
MNRS +
R5
3
EMNRSTRXYMNR
Y
XRSAT
+
2
9
R25FMNF
MNR− 32
9
R25FMRF
R
N R
MN
5
−16
3
R25FMN∇N∇RFMR −
8
3
R25∇MFNR∇MFNR −
8
3
R25∇MFNR∇NFMR
+SUSY Completion
]
. (16)
The remaining SUSY completion terms do not contribute to either anomaly. The holographic
trace anomaly in the general non-SUSY case is considered in Appendix A. Specializing the
results of Appendix A to the N = 2 conformal supergravity case, the holographic trace
anomaly has the form
θµ µ =
(
− 1
24
R35
κ
− 1
3
R5γ
)
R2 +
(
1
8
R35
κ
+ 2R5γ
)
RµνR
µν −R5γRµνρσRµνρσ
+
(
R5ZA
4
− 160
9
R5γ
)
FµνF
µν . (17)
Using AdS/CFT duality to match the trace anomaly in the SCFT form, equation (2),
to the holographic trace anomaly, equation (17), leads to the values for the gravitational
constant κ and the scale of the subleading corrections γ
R35
κ
=
a
π2
γR5 = −(c− a)
16π2
. (18)
Consistency also requires the value of the coefficient of the Riemann tensor squared to be
given as (c− a)/16π2, in agreement with the above results. In addition, it is in agreement
with the conformal supergravity symmetry constraints relating the subleading gravitational
contribution to the trace anomaly to just the Weyl tensor squared as given in equation (16).
The U(1)R field strength contribution to the anomaly involves only the coefficient c. This
part of the trace anomaly fixes the wavefunction renormalization of the U(1)R gauge field
to be
ZAR5 =
2
3
a
π2
+
10
9
(c− a)
π2
. (19)
The N = 2 supergravity constraints require the supersymmetric values of C and D to be
given by
C =
2R35
27(2κ)
[
1 + 12
γ(2κ)
R25
]
=
1
3
(5a− 3c)
18π2
D = −γR5
3
=
1
2
(c− a)
24π2
, (20)
where the second equality employs the relationship of the supergravity coefficients to a and
c from the trace anomaly above. Turning to the R-symmetry AdS/CFT anomaly matching
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equations (12) and (15), the Chern-Simons coefficients imply the need to normalize the R-
charges and current so that r =
√
3/2 and λ =
√
8/3 for the holographic R-current to
belong to the supercurrent.
As an example, taking the above mentioned Sasaki-Einstein manifold to be Y5 = T
1,1,
these anomaly matching results can be applied to the large N strong t’Hooft coupling su-
perconformal SU(N) × SU(N) SUSY gauge theory with a pair of bi-fundamental (N, N¯)
chiral matter fields A1 and A2 and a pair of anti-bi-fundamental (N¯ , N) chiral matter fields
B1 and B2 [12]-[14]. The central charges calculated in the boundary field theory determine
the two supergravity parameters related to the gravitational constant κ and γ which sets
the scale for the four derivative terms. The A and B chiral superfields have R = 1/2, so the
A˜ and B˜ matter fermions have R = −1/2. The 2(N2 − 1) gluinos have R = 1. Hence the
boundary SCFT has
a =
27
64
N2 − 3
8
, c =
27
64
N2 − 1
4
, (21)
with (c− a) = 1/8. Thus the gravitational constant is seen to be
R35
κ
=
27
64π2
N2
(
1− 8
9N2
)
, (22)
and the wave function renormalization ZA is found to be
ZAR5 =
9
32π2
N2
(
1− 32
81N2
)
, (23)
while the coefficients of the 4 derivative terms are given by γ and are found to be subleading
γR5 = − 1
128π2
. (24)
The anomaly matching results aside, the purpose of this paper is to construct the energy-
momentum tensor and R-symmetry current in the case that the subleading mixed Chern-
Simons term is added to the leading order supergravity action. This truncated 4 derivative
action will provide the leading gravitational contributions to each anomaly (leading N2
contributions with c = a in the trace anomaly case and subleading N0 contributions with
c 6= a in the R-anomaly case). The pure U(1)R gauge field contributions are leading order
N2 terms for each anomaly. In section II, the near boundary field equations are solved and
the abbrreviated action is holographically renormalized through the addition of boundary
counter-terms [15]-[17]. In section III the Brown-York energy-momentum tensor [18] and R-
symmetry current are constructed via the boundary source variational principle for the action
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[5], [19]. The covariant divergence of the energy-momentum tensor has the Brown-York form
and yields the diffeomorphism invariance of the renormalized action Ward identity [20], thus
providing its interpretation as a boundary energy-momentum tensor. Improvements to both
currents are constructed consistent with the Ward identities and trace and R-symmetry
anomalies. They are shown to follow from the variation of boundary action improvement
terms.
II. HOLOGRAPHIC SUPERGRAVITY ACTION
The bosonic part of the bulk AdS5 N = 2 conformal supergravity action including the
single 4 derivative mixed Chern-Simons term is given by
Γ =
∫
d5x detE
[
1
2κ
R + Λ− ZA
4
FMNF
MN
+C EMNRSTFMNFRSAT −DEMNRSTRXYMNRY XRSAT
]
+
1
κ
∫
ρ=ǫ
d4x
√−γK(γ) + ΓCounter−terms, (25)
where
ds2 =
R25
ρ
[
gµν(x, ρ)dx
µdxν − dρ
2
4ρ
]
(26)
is the Fefferman-Graham metric for the (asymptotic) AdS5 space of radius R5. Here γµν =
(R25/ρ)gµν(x, ρ)|ρ=ǫ is the induced metric on the fixed ρ = ǫ hypersurface homeomorphic to
the M4 boundary. The extrinsic curvature on that surface is given by the gradient of the
normal vector there yielding Kµν = (ρ/R5)∂γµν/∂ρ|ρ=ǫ. The counter-term boundary action
ΓCounter−terms =
∫
ρ=ǫ
d4x
√−γB(γ) is determined through holographic renormalization and
normalization conditions as discussed at the end of this section. The Riemann tensor is
given in terms of the Christoffel symbol ΓRMNas
RRSMN = ∂NΓ
R
SM − ∂MΓRSN + ΓLSMΓRLN − ΓLSNΓRLM , (27)
with ΓRMN =
1
2
gRS [∂NgSM + ∂MgSN − ∂SgMN ]. The U(1) R-symmetry gauge field AM
has field strength tensor FMN = ∇MAN − ∇NAM = ∂MAN − ∂NAM . The world tensor
EMNRST = ǫABCDEE−1MA E
−1N
B E
−1R
C E
−1S
D E
−1T
E = (1/ detE)ǫ
MNRST with the fu¨nfbein
E AM =

R5√ρe aµ (x, ρ) 0
0 R5
2ρ


MA
, (28)
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where gµν(x, ρ) = e
a
µ (x, ρ)ηabe
b
ν (x, ρ) with ηab = (+,−,−,−)ab.
Varying the bulk action with fixed boundary conditions for the fields yields the field
equations. The Einstein equation has the form
RMN − 1
2
gMNR = gMNκΛ− κTMN , (29)
with the Ricci tensor defined by RMN ≡ RRMNR and the scalar curvature given by R ≡
gMNRMN . The bulk energy-momentum tensor TMN is obtained as
TMN = T
Maxwell
MN +∇XΘXMN , (30)
with the R−symmetry gauge field’s contribution to the energy-momentum tensor given by
the Maxwell symmetric form
TMaxwellMN = ZAFMRF
R
N − gMN
(
−ZA
4
FRSF
RS
)
(31)
while the mixed gauge-gravity Chern-Simons contribution to the energy-momentum tensor
is
ΘXMN = 2DE
QRSTUFTU
(
gQMR
X
NRS + gQNR
X
MRS
)
. (32)
The covariant derivative is defined according to
∇MT RN ≡ ∂MT RN − ΓPMNT RP + ΓRMPT PN . (33)
The Maxwell equation is generalized to include the Chern-Simons terms so that
ZA∇MFML + 3C EMNRSLFMNFRS = DEMNRSLRXYMNRY XRS . (34)
Using the relations ∇ME BN = 0 = ∇MEPQRST , this can be written as
ZA∂M
(
detE FML
)
+ 3C detE EMNRSLFMNFRS = D detE E
MNRSLRXYMNR
Y
XRS . (35)
Applying the Fefferman-Graham metric, the Einstein equations can be expanded to have
the forms (here the covariant derivative is made utilizing gµν)
ρ
[
2g′′µν − 2g′µλgλρg′ρν + g′µνgρσg′ρσ
]
+Rµν(g)− 2g′µν − gµνgρσg′ρσ
= −κTµν + 1
2
gµνκg
ρσTρσ − ρgµν
[
1
3ρ2
(6 +R25κΛ) +
1
6ρ
κgρσTρσ +
4
3
κT44
]
(36)
gρσg′′ρσ −
1
2
(
gρσg′σµg
µνg′νρ
)
=
1
3ρ2
[
6 +R25κΛ
]
+
1
6ρ
κgµνTµν +
4
3
κT44 (37)
∇µ
(
gρσg′ρσ
)−∇ρg′ρµ = 2κTµ4, (38)
9
where the prime indicates differentiation with respect to ρ, so that, for example, g′µν ≡
∂gµν/∂ρ. Likewise the Maxwell equations have the detailed structure (here the permutation
tensor Eµνρσ(g) = ǫµνρσ/
√−g )
2R5ZA∂µ [det e g
µνA′ν ] + 3C det eE
µνρσ(g)Fµν(A)Fρσ(A)−D det eEµνρσ(g)Rκ λµν(g)Rλ κρσ(g)
= +4ρD det eEµνρσ(g)Rλκ µν(g)g
′
κρg
′
λσ
+2ρD det eEµνρσ(g)
(∇νg′µκ −∇µg′νκ) gκλ (∇σg′λρ −∇ρg′λσ) (39)
ρ
∂
∂ρ
[
ZA det e g
λρA′ρ
] − 1
4
∂µ
[
ZA det e g
µρgλσFρσ(A)
]
=
6ρ
R5
C det eEτρσλ(g)A′τFρσ(A)
− 2ρ
R5
D det eEνρσλ(g)
[
gµτ
(
−1
ρ
gµν − 2ρg′′µν + ρgπκg′κµg′πν
)(∇σg′τρ −∇ρg′τσ) .
+
(
1
2
gτπ∇νg′πµ − Γ′τµν(g)
)(
Rµ τρσ(g) +
1
ρ
gτρδ
µ
σ − g′τρδµσ −
1
ρ
gτσδ
µ
ρ + g
′
τσδ
µ
ρ
−gτρgµπg′πσ + ρg′τρgµπg′πσ + gτσgµπg′πρ − ρg′τσgµπg′πρ
)]
.
(40)
The boundary currents have an expectation value in the presence of the background
gravitational and U(1)R gauge fields given in terms of the asymptotic behavior of the bulk
fields at the M4 boundary of the AdS5 space. Consequently the field equations need only be
solved close to the boundary at ρ = 0 in order to determine these one point functions. The
U(1)R gauge field Aµ(x, ρ) has the asymptotic form in ρ close to the boundary given by
Aµ(x, ρ) = A
(0)
µ (x) + ρA
(2)
µ (x) + ρ ln (ρ/R
2
5) Bµ(x). (41)
Likewise for ρ ∼ 0 the gravitational field has the behavior
gµν(x, ρ) = g
(0)
µν (x) + ρg
(2)
µν (x) + ρ
2g(4)µν (x) + ρ
2 ln (ρ/R25) hµν(x). (42)
Substituting these expansions into the Maxwell equations results in their right hand sides
vanishing as ρ→ 0 while the fields Bµ and the covariant divergence of A(2)µ being determined
in terms of A
(0)
µ . The transverse part of A
(2)
µ is undetermined. It corresponds to the other
linearly independent solution to the second order Dirichlet problem and it appears as the
subleading asymptotic behavior of Aµ(x, ρ). A second boundary condition deeper into the
bulk would be needed for its specification. Using g(0) to raise and lower indices the U(1)R
gauge field has the asymptotic solution
Bµ(x) =
1
4
∇(0)ν F (0)νµ
10
2R5ZA∇(0)µ A(2)µ(x) = −3CEµνρσ(g(0))F (0)µν F (0)ρσ +DEµνρσ(g(0))R(0)κ λµνR(0)λ κρσ. (43)
In order to find the asymptotic solution to the Einstein equations the bulk energy-
momentum tensor must be expanded in terms of ρ where it is found from equations (30-32)
that
Tµν(x, ρ) = ρT
(2)
µν (x) + · · ·
T44(x, ρ) = T
(0)
44 (x) + · · ·
Tµ4(x, ρ) = ρT
(2)
µ4 (x) + ρ ln (ρ/R
2
5)T˜µ4(x) + · · · , (44)
with
T (2)µν (x) =
1
R25
[
ZAF
(0)
µρ F
(0)ρ
ν +
ZA
4
g(0)µν F
(0)
ρσ F
(0)ρσ
]
T
(0)
44 (x) = −
ZA
16R25
F (0)ρσ F
(0)ρσ
T
(2)
µ4 (x) = −
1
R25
ZAF
(0)
µρ g
(0)ρσ
[
A(2)σ +Bσ
]
+
1
R35
DE(0)ρσπλF
(0)
πλ
[∇(0)ρ g(2)µσ −∇(0)σ g(2)µρ ]
− 1
R35
DE(0)ρσπλ∇(0)α
[
F
(0)
πλ
(
R(0)αµρσ − g(0)µρ g(0)αξg(2)ξσ + g(0)µσ g(0)αξg(2)ξρ
)]
T˜µ4(x) = − 1
R25
ZAF
(0)
µρ g
(0)ρσBσ. (45)
Note that g(0)ρσT
(2)
ρσ = 0 and ∇(0)µT (2)µν = 4T˜ν4. It is useful to consider the Maxwell contri-
bution to T
(2)
µ4 separately
T
(2)Maxwell
µ4 = −
1
R25
ZAF
(0)
µρ g
(0)ρσ
[
A(2)σ +Bσ
]
, (46)
and hence the mixed Chern-Simons contribution is just T
(2)D
µ4 = T
(2)
µ4 − T (2)Maxwellµ4 .
The metric coefficients g(2) and h can be determined from the field equation expansion in
terms of the boundary metric g(0) and the boundary R-symmetry gauge field A
(0)
µ while only
the trace and divergence of g(4) is determined in terms of g(0) and A
(0)
µ by the near boundary
expansion. The remaining components of g(4) being fixed by a needed second boundary
condition deeper into the bulk for these second order differential equations. From equation
(36) and the vanishing of the bulk energy-momentum tensor Tµν as ρ ∼ 0 it is found that
κΛR25 = −6 and
g(2)µν =
1
2
[
R(0)µν −
1
6
g(0)µνR
(0)
]
, (47)
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along with g(0)µνg
(2)
µν = (1/6)R(0). Expanding equation (37) immediately yields g(0)µνhµν = 0
and
g(0)µνg(4)µν =
1
4
(
g(0)ρσg
(2)
σλg
(0)λκg(2)κρ
)
+
2
3
κT
(0)
44
=
1
16
[
R(0)µνR
(0)µν − 2
9
R(0)2
]
− κZA
24R25
F (0)µν F
(0)µν .
(48)
Returning to equation (36) hµν is obtained
hµν =
1
2
g
(2)
µλ g
(0)λρg(2)ρν −
1
8
g(0)µν
[
g(0)ρσg
(2)
σλ g
(0)λκg(2)κρ
]
− 1
4
R(2)µν −
1
4
κT (2)µν
=
1
8
[
R(0)µρR
(0)ρ
ν −
1
3
R(0)R(0)µν −
1
36
g(0)µνR
(0)2
]
− 1
32
g(0)µν
[
R(0)µνR
(0)µν − 2
9
R(0)2
]
−1
8
[
R(0)µρR
(0)ρ
ν − R(0)ρσR(0)σµνρ +
1
6
∇(0)µ ∇(0)ν R(0) −
1
2
∇(0)ρ ∇(0)ρR(0)µν +
1
12
g(0)µν∇(0)ρ ∇(0)ρR(0)
]
− 1
4R25
κ
[
ZAF
(0)
µρ F
(0)ρ
ν +
ZA
4
g(0)µν F
(0)
ρσ F
(0)ρσ
]
, (49)
where the Ricci tensor has been expanded close to the boundary as Rµν(g) = R
(0)
µν (g(0)) +
ρR
(2)
µν (g(0)) + · · · and likewise for the scalar curvature R(g) = R(0)(g(0)) + ρR(2)(g(0)) + · · · .
The expansion coefficients are given by
R(2)µν (g
(0)) =
1
2
[
R(0)µρR
(0)ρ
ν −R(0)ρσR(0)σµνρ +
1
6
∇(0)µ ∇(0)ν R(0) −
1
2
∇(0)ρ ∇(0)ρR(0)µν +
1
12
g(0)µν∇(0)ρ ∇(0)ρR(0)
]
R(2)(g(0)) = −1
2
[
R(0)µνR
(0)µν − 1
6
R(0)2
]
. (50)
Note that g(0)µνhµν = 0 as found above. Finally equation (38) yields the divergence of the
coefficients g(2), h and g(4)
∇(0)ρg(2)ρµ =
1
6
∇(0)µ R(0)
∇(0)ρhρµ = −κT˜µ4 = κZA
R25
F (0)µρ g
(0)ρσBσ = −1
4
∇(0)ρT (2)ρµ
∇(0)ρg(4)ρµ = −
1
2
∇(0)ρhρµ + 1
2
∇(0)ρ
[
g(2)ρσ g
(0)σλg
(2)
λµ
]
−1
4
∇(0)ρ
[
g(2)ρµ
(
g(0)αβg
(2)
αβ
)]
+
1
8
∇(0)ρ
[
g(0)ρµ
(
g(0)αβg
(2)
αβ
)2]
−1
8
∇(0)ρ
[
g(0)ρµ
(
g(0)ξσg(2)σκ g
(0)κλg
(2)
λξ
)]
− κT (2)µ4 +
2
3
κ∇(0)µ T (0)44 . (51)
The near-boundary analysis of the field equations allows the boundary divergences of the
action, now regulated at the surface ρ = ǫ, to be determined. The regulated action is given
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by
ΓReg. =
∫
d4x
∫
ρ=ǫ
dρ detE
[
1
2κ
R + Λ− ZA
4
FMNF
MN
+C EMNRSTFMNFRSAT −DEMNRSTRXYMNRY XRSAT
]
+
1
κ
∫
ρ=ǫ
d4x
√−γK(γ). (52)
Applying the Fefferman-Graham form of the metric and employing the near-boundary solu-
tions to the field equations the divergent terms in the action are isolated as
ΓReg. =
∫
d4x
∫
ρ=ǫ
dρ
√
−g(0)
{
− 1
ρ3
6R35
κ
−1
ρ
R35
16κ
[(
R(0)µνR
(0)µν − 1
3
R(0)2
)
+
2κZA
R25
F (0)µν F
(0)µν
]
+ . . .
}
=
∫
d4x
√
−g(0)
{
− 1
ǫ2
3R35
κ
+ ln (ǫ/R25)
R35
16κ
[(
R(0)µνR
(0)µν − 1
3
R(0)2
)
+
2κZA
R25
F (0)µν F
(0)µν
]}
+O(ǫ0). (53)
The holographically renormalized action is defined by choosing the near-boundary counter-
term action ΓCounter−terms to cancel the divergent terms in the regulated action and to impose
normalization conditions on the remaining finite terms so that
ΓSub. = ΓReg. + ΓCounter−terms, (54)
where, after inverting the near-boundary expansion of the fields to write the boundary
quantities in terms of the tensors at the surface ρ = ǫ, the near-boundary counter-term
action is found to be
ΓCt.−terms =
3
κR5
∫
ρ=ǫ
d4x
√−γ − R5
4κ
∫
ρ=ǫ
d4x
√−γR(γ)
− ln (ǫ/R25)
R35
16κ
∫
ρ=ǫ
d4x
√−γ
[(
Rµν(γ)R
µν(γ)− 1
3
R2(γ)
)
+
2κZA
R25
Fµν(A)F
µν(A)
]
,
(55)
where the induced metric γµν = (R
2
5/ρ)gµν |ρ=ǫ on the near-boundary suface is used in the
counter-term action. The finite holographic normalization is chosen through the dimen-
sionless ratio in the logarithmic counter-term as (ǫ/R25). A different normalization such as
(ǫ/τR25), with τ ∈ R+, will correspond to a finite boundary term in the action,
ΓImprove = ln τ
R35
16κ
∫
ρ=ǫ
d4x
√−γ
[(
Rµν(γ)R
µν(γ)− 1
3
R2(γ)
)
+
2κZA
R25
Fµν(A)F
µν(A)
]
,
(56)
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that will lead to finite holographic improvements to the currents that do not alter the form
of the scale and chiral R anomalies and are consistent with the current Ward identities as
discussed in the next section.
III. HOLOGRAPHIC CURRENTS
According to gravity/gauge duality, the expectation values of the boundary currents, the
energy-momentum tensor θµν(x) and the R-symmetry current Rµ(x), in the presence of their
respective external sources g
(0)
µν (x) and A
(0)
µ (x) are found by varying the boundary sources
in the on-shell renormalized action as
δΓ[g(0)µν , A
(0)
µ ] =
∫
d4x
√
−g(0)
[
1
2
θµν(x)δg
(0)µν(x) +Rµ(x)δA
(0)µ(x)
]
. (57)
This can be accomplished by varying the sources in the regulated near boundary action
and counter-terms, then taking the ǫ → 0 limit of the subtracted action. The variation
of the surface ρ = ǫ sources γ and A for the on-shell, near boundary regulated Einstein-
Maxwell-Chern-Simons action (i.e. the second order in derivative part of the action, the
mixed gauge-gravity Chern-Simons term has higher order derivatives and will be treated
separately) yields
δΓEMCSReg. =
∫
ρ=ǫ
d5x detE
{
1
2κ
∇R
(∇RgMNδgMN −∇SδgRS)
+∇M
[
δAL
(−ZAFML + 8CEMLRST∂RASAT )]
}
= −2
κ
∫
ρ=ǫ
d4x
ρ
R5
∂
∂ρ
[
δ
√−γ]+ 1
2κ
∫
ρ=ǫ
d4x
√−γ [Kµν(γ)− γµνK(γ)] δγµν
−
∫
ρ=ǫ
d4x
√−γδAµ
[
2ZA
ρ
R5
γµν
∂
∂ρ
Aν + 8CE
µνρσ(γ)Aν∂ρAσ
]
. (58)
In order for there to be a well defined variational problem the extrinsic curvature term
must be added to cancel the undetermined source variation ∂/∂ρ(δγµν) terms. The variation
of the near boundary extrinsic curvature term, ΓK = 1/κ
∫
ǫ
d4x
√−γK(γ), is found to be
δΓK =
2
κ
∫
ǫ
d4x
ρ
R5
∂
∂ρ
(δ
√
γ) . (59)
In addition, the variation of the counter-terms,
δΓCt.−Terms = − 3
2κR5
∫
ǫ
d4x
√−γγµνδγµν − R5
2κ
∫
ǫ
d4x
√−γ 1
2
[
Rµν(γ)− 1
2
γµνR(γ)
]
δγµν
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−R5ZA ln ǫ
R25
∫
ǫ
d4x
√−γδγµν
[
FµρFνσγ
ρσ − 1
4
γµνF
2
]
+R5ZA ln
ǫ
R25
∫
ǫ
d4x
√−γδAσ∇ρF ρσ, (60)
are needed to provide a finite ǫ → 0 limit for the Einstein and Maxwell terms contribu-
tions to the currents as well as the action (both Chern-Simons terms are finite as are their
contributions to the currents).
Combining these terms, ΓEMCSSub. = Γ
EMCS
Reg. +ΓK+ΓCt.−Terms, it is found that the subtracted
action is given by
δΓSub. =
ǫ
R25
∫
ǫ
d4x
√−γδγµν 1
2
[
R25
ǫκ
(Kµν(γ)−K(γ)γµν)− 3R5
ǫκ
γµν − R
3
5
2ǫκ
(
Rµν(γ)− 1
2
R(γ)γµν
)
−2R5ZA ln ǫ
R25
R25
ǫ
(
FµρFνσγ
ρσ − 1
4
γµνF
2
)]
−
∫
ρ=ǫ
d4x
√−γδAµ
[
2ZA
ρ
R5
γµν
∂
∂ρ
Aν + 8CE
µνρσ(γ)Aν∂ρAσ − R5ZA ln
(
ǫ
R25
)
∇ρF ρµ
]
.
(61)
Thus the subtracted boundary energy-momentum tensor and R-symmetry current take the
form
θEMCSSub.µν(ǫ) ≡
R25
ǫ
2√−γ
δΓSub.
δγµν
=
R25
ǫκ
(Kµν(γ)−K(γ)γµν)− 3R5
ǫκ
γµν − R
3
5
2ǫκ
(
Rµν(γ)− 1
2
R(γ)γµν
)
−2R5ZA ln ǫ
R25
R25
ǫ
(
FµρFνσγ
ρσ − 1
4
γµνF
2
)
REMCSµSub. (ǫ) ≡
1√−γ
δΓSub.
δAµ
= −2ZAγµν ǫ
R5
∂
∂ρ
Aν + 8CE
µνρσ(γ)Aν∂ρAσ +R5ZA ln
(
ǫ
R25
)
∇ρF ρσ. (62)
Expanding these expressions as the ρ = 0 boundary is approached gives the Einstein-
Maxwell-pure U(1)R gauge field Chern-Simons contribution to the renormalized boundary
currents as
θEMCSµν = θ
EMCS
Sub.µν(ǫ = 0) =
R35
κ
[
2g(4)µν + hµν − g(2)µν g(0)ρσg(2)ρσ
−g(0)µν
(
2g(0)ρσg(4)ρσ + g
(2)ρσg(2)ρσ
)]
−R
3
5
4κ
[
R
(0)
µλR
(0)λ
ν +R
(0)
λµρνR
(0)λρ − 1
2
∇(0)2R(0)µν +
1
6
∇(0)µ ∇(0)ν R(0)
+
1
12
g(0)µν∇(0)2R(0)2
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+
1
2
R(0)ρσR
(0)ρσg(0)µν −
1
12
g(0)µνR
(0)2 − 1
2
R(0)
(
R(0)µν −
1
6
g(0)µνR
(0)
)]
REMCSµ = REMCSµSub. (ǫ = 0) = −2R5ZA
(
A(2)µ +Bµ
)− 4CEµνρσ(g(0))A(0)ν F (0)ρσ . (63)
These are precisely the same expressions obtained by expanding the variation of the action
terms δΓEMCS = limǫ→0 δΓSub. at the boundary directly with
θEMCSµν ≡
2√
−g(0)
δΓEMCS
δg(0)µν
REMCSµ ≡ 1√
−g(0)
δΓEMCS
δA
(0)
µ
. (64)
Finally the contribution to the currents due to the higher derivative mixed gauge-gravity
Chern-Simons term can be determined directly from the variation of its action at the bound-
ary as it is finite
δΓRRA = −4D
∫
d5x∂P
[
detEEPQRSLgQMALR
X
NRS∇XδgMN
]
+4D
∫
d5x∂X
[
detEEPQRSLgQMδg
MN∇P
(
ALR
X
NRS
)]
. (65)
The second term when expanded in terms of the Fefferman-Graham metric can be seen to
vanish at the ρ = 0 boundary:
δΓsecond termRRA = −2D
∫
d4xδgµν
√−g [Eξσπλ(g)Fπλ {ρgξµ (−2g′′σν + g′νρgρζg′ζσ)
+ρgξν
(−2g′′σµ + g′µρgρζg′ζσ)}
+ρEρσξλ(g)A′λ
{
gξµ
(∇σg′νρ −∇ρg′νσ)+ gξν (∇σg′µρ −∇ρg′µσ)}]
−→ 0 as ρ→ 0. (66)
The first expression for the variation of the mixed Chern-Simons action for finite ρ = ǫ has
an undetermined ∂/∂ρδγµν term in it. However this contribution vanishes on the ρ = 0
boundary contrary to the extrinsic curvature case discussed earlier
δΓfirst termRRA = −4D
∫
d4x
√
−g(0)1
2
δg(0)µνEξρσλ(g(0))
{
∇(0)α
[
A
(0)
λ
(
g
(0)
ξµR
(0)α
νρσ + g
(0)
ξν R
(0)α
µρσ
)]
+2∇(0)ρ
[
A
(0)
λ
(
g
(0)
ξµ g
(2)
νσ + g
(0)
ξν g
(2)
µσ
)]
− 2A(0)λ
(
g
(0)
ξµ∇(0)ρ g(2)νσ + g(0)ξν ∇(0)ρ g(2)µσ
)}
. (67)
This leads to the final mixed gravitational and U(1)R gauge field Chern-Simons contribution
to the energy-momentum tensor of the form
θCSµν =
2√
−g(0)
δΓRRA
δg(0)µν
= −4DEξρσλ(g(0))
{
∇(0)α
[
A
(0)
λ
(
g
(0)
ξµR
(0)α
νρσ + g
(0)
ξν R
(0)α
µρσ
)]
16
+2∇(0)ρ
[
A
(0)
λ
(
g
(0)
ξµ g
(2)
νσ + g
(0)
ξν g
(2)
µσ
)]
− 2A(0)λ
(
g
(0)
ξµ∇(0)ρ g(2)νσ + g(0)ξν ∇(0)ρ g(2)µσ
)}
. (68)
Thus the complete renormalized boundary energy-momentum tensor and R-symmetry
current are determined as
θµν = θ
EMCS
µν + θ
CS
µν
=
R35
κ
[
2g(4)µν + hµν − g(2)µν g(0)ρσg(2)ρσ − g(0)µν
(
2g(0)ρσg(4)ρσ + g
(2)ρσg(2)ρσ
)]
−R
3
5
4κ
[
R
(0)
µλR
(0)λ
ν +R
(0)
λµρνR
(0)λρ − 1
2
∇(0)2R(0)µν +
1
6
∇(0)µ ∇(0)ν R(0) +
1
12
g(0)µν∇(0)2R(0)2
+
1
2
R(0)ρσR
(0)ρσg(0)µν −
1
2
R(0)R(0)µν
]
−4DEξρσλ(g(0))
{
∇(0)α
[
A
(0)
λ
(
g
(0)
ξµR
(0)α
νρσ + g
(0)
ξν R
(0)α
µρσ
)]
+2∇(0)ρ
[
A
(0)
λ
(
g
(0)
ξµ g
(2)
νσ + g
(0)
ξν g
(2)
µσ
)]
− 2A(0)λ
(
g
(0)
ξµ∇(0)ρ g(2)νσ + g(0)ξν ∇(0)ρ g(2)µσ
)}
Rµ = REMCSµ
= −2R5ZA
(
A(2)µ +Bµ
)− 4CEµνρσ(g(0))A(0)ν F (0)ρσ . (69)
Exploiting the near boundary solutions to the field equations found in section II the
anomalous divergence of the R-symmetry current is found to be
∇µRµ = CE(0)µνρσF (0)µν F (0)ρσ +DE(0)µνρσR(0)ξζµν R(0)ξζρσ. (70)
The energy-momentum tensor has contributions from gravity and matter flowing into the
boundary of the form
∇µθEMCSµν = −2R35T (2)ν4 = −2R35
(
T
(2)Maxwell
ν4 + T
(2)D
ν4
)
∇µθCSµν = 2R35T (2)Dν4 + A(0)ν ADR, (71)
with the mixed Chern-Simons contribution to the R-symmetry anomaly given by
ADR = DEµνρσ(g(0))R(0)ξζµνR(0)ρσξζ . (72)
From these follows the Ward identity relating the diverence of the energy-momentum tensor
with that of the R-symmetry current as
∇µθµν = F (0)µν Rµ + A(0)ν ∇µRµ. (73)
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The trace (taken with g(0)µν) for the various contributions to the energy-momentum tensor
is found from the field equations to be
θEMCS µµ =
R35
κ
[
1
8
(
R(0)µνR
(0)µν − 1
3
R(0)2
)
+
κZA
4R25
F (0)µν F
(0)µν
]
≡ A, (74)
while
θCS µµ = 0. (75)
Thus the renomalized boundary energy-momentum tensor has the anomalous trace
θ µµ = A. (76)
These results agree with the general diffeomorphism and R-symmetry transformations of
the action. From the definition of the boundary currents, equation (57), it is found that the
action is invariant under diffeomorphism transformations
δg(0)µν = ∇µξν +∇νξµ
δA(0)µ = −∇µξνA(0)ν − ξν∇νA(0)µ, (77)
so that
δΓ =
∫
d4x
√
−g(0)ξν [−∇µθµν + F (0)µν Rµ + A(0)ν ∇µRµ]
= 0, (78)
as follows from equation (73). The anomalous R-symmetry variation of the action follows
directly from the R-current divergence equation. For the R-symmetry transformations
δg(0)µν = 0 , δA(0)µ = ∂µω, (79)
equation (57) implies
δΓ = −
∫
d4x
√
−g(0)ω∇(0)µRµ
= −
∫
d4x
√
−g(0)ω
[
CE(0)µνρσF (0)µν F
(0)
ρσ +DE
(0)µνρσR(0)ξζµν R
(0)
ξζρσ
]
. (80)
The energy-momentum trace anomaly equation (76) implies the Weyl scale transformation,
δg(0)µν = 2σg(0)µν , δA(0)µ = 0, (81)
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anomaly for the renormalized action
δΓ =
∫
d4x
√
−g(0)σ(x)θµ µ(x) =
∫
d4x
√
−g(0)σ(x)A(x)
=
∫
d4x
√
−g(0)σ(x)R
3
5
κ
[
1
8
(
R(0)µνR
(0)µν − 1
3
R(0)2
)
+
κZA
4R25
F (0)µν F
(0)µν
]
. (82)
It is possible to improve the definition of the currents by adding a finite boundary counter-
term to the action given by equation (56) which at the ρ = 0 boundary becomes
ΓImprove = ln τ
R35
2κ
∫
d4x
√
−g(0)
[
1
8
(
R(0)µνR
(0)µν − 1
3
R(0)2
)
+
κZA
4R25
F (0)µν F
(0)µν
]
. (83)
Its variation at the boundary is given by
δΓImprove = ln τ
R35
2κ
∫
d4x
√
−g(0)1
2
δg(0)µν4hµν
− ln τ R
3
5
2κ
∫
d4x
√
−g(0)δA(0)ν
κZA
R25
∇(0)µ F (0)µν . (84)
These variations lead to the energy-momentum tensor, τµν , and R-symmetry current, r
µ,
improvement terms
τµν =
R35
2κ
ln τ 4hµν
rµ = −R
3
5
2κ
ln τ
κZA
R25
∇(0)ν F (0)νµ = −
R35
2κ
ln τ 4
κZA
R25
Bµ. (85)
This is an improvement that is consistent with the diffeomorphism, R-symmetry and scale
Ward identities since these improvement terms obey
∇(0)µ rµ = 0
g(0)µντµν = 0
∇(0)µτµν = F (0)µν rν. (86)
In addition, the completely traceless and divergenceless improvement for the energy-
momentum tensor can be obtained from the addition of the finite boundary action term
Γα =
α
32
∫
ρ=ǫ
d4x
√−γ
[
Rµν(γ)R
µν(γ)− 1
3
R2(γ)
]
=
α
32
∫
ρ=0
d4x
√
−g(0)
[
R(0)µνR
(0)µν − 1
3
R(0)2
]
, (87)
with α an arbitrary constant. The new improvement term for the energy-momentum tensor
becomes
τ (α)µν =
2√
−g(0)
δΓα
δg(0)µν
= α
[
hµν +
1
4
κT (2)µν
]
. (88)
19
It also is consistent with the current Ward identities as r
(α)
µ = 0 and
∇(0)µτ (α)µν = 0
g(0)µντ (α)µν = 0. (89)
Hence the final expressions for the improved energy-momentum tensor and R-symmetry
current is obtained from equations (69), (85) and (88)
rµImproved = R
µ + rµ = −2R5ZA
(
A(2)µ + (1 + ln τ)Bµ
)− 4CEµνρσ(g(0))A(0)ν F (0)ρσ
τ Improvedµν = θµν + τµν + τ
(α)
µν
=
R35
κ
[
2g(4)µν + (1 + 2 ln τ + α)hµν − g(2)µν g(0)ρσg(2)ρσ − g(0)µν
(
2g(0)ρσg(4)ρσ + g
(2)ρσg(2)ρσ
)]
−R
3
5
4κ
[
R
(0)
µλR
(0)λ
ν +R
(0)
λµρνR
(0)λρ − 1
2
∇(0)2R(0)µν +
1
6
∇(0)µ ∇(0)ν R(0) +
1
12
g(0)µν∇(0)2R(0)2
+
1
2
R(0)ρσR
(0)ρσg(0)µν −
1
2
R(0)R(0)µν
]
−4DEξρσλ(g(0))
{
∇(0)α
[
A
(0)
λ
(
g
(0)
ξµR
(0)α
νρσ + g
(0)
ξν R
(0)α
µρσ
)]
+2∇(0)ρ
[
A
(0)
λ
(
g
(0)
ξµ g
(2)
νσ + g
(0)
ξν g
(2)
µσ
)]
− 2A(0)λ
(
g
(0)
ξµ∇(0)ρ g(2)νσ + g(0)ξν ∇(0)ρ g(2)µσ
)}
+
α
4
κ
1
R25
[
ZAF
(0)
µρ F
(0)ρ
ν +
ZA
4
g(0)µν F
(0)
ρσ F
(0)ρσ
]
. (90)
IV. CONCLUSIONS
The holographic R-current and R-charges require additional normalizations in order for
the R-current to belong to the same N = 1 SUSY multiplet as the holographic energy-
momentum tensor. In addition, a finite wavefunction renormalization of the U(1)R gauge
field (c.f. Eq. (19)) was needed in order that the holographic contribution of the field
strength to the trace anomaly equation (2) is consistent with the boundary SCFT trace
anomaly. The general structure of the trace anomaly including the subleading corrections
was reviewed in Appendix A for the generic non-SUSY case. The U(1) field strength sub-
leading contribution was obtained for generic 4 derivative terms in the action which was
used in the introduction to fix the gauge field normalization in the supersymmetric case.
The subleading mixed gravitational field-U(1)R gauge field Chern-Simons term was added
to the action as it gave rise to subleading gravitational contributions to the R-anomaly. The
modifications to the near boundary solutions to the field equations were then obtained along
with the boundary counter-terms and normalization required by holographic renormaliza-
tion. Once the on-shell action was obtained, the Brown-York energy-momentum tensor and
20
R-symmetry current were constructed. The near boundary solutions were used to secure
the Ward identity obeyed by the currents as
∇µθµν = F (0)µν Rµ + A(0)ν ∇µRµ. (91)
along with the trace and R- anomalies
θµ µ =
R35
κ
[
1
8
(
R(0)µνR
(0)µν − 1
3
R(0)2
)
+
κZA
4R25
F (0)µν F
(0)µν
]
∇µRµ = C E(0)µνρσF (0)µν F (0)ρσ +DE(0)µνρσR(0)ξζµν R(0)ξζρσ. (92)
The Ward identities for diffeomorphism invariance of the action then followed as given in
equations (77) and (78). Likewise the R-symmetry transformation of the action was obtained
in equations (79) and (80) while the Weyl scaling of the action followed in equations (81)
and (82). Since the Ward identities provide the interpretation of the holographic currents
as the energy-momentum tensor and R-symmetry current, improvements to the currents
were constructed which left the Ward identities unchanged. As explicitly demonstrated, the
improvements were expressed as additional finite boundary terms in the action.
Lastly, the fermionic gravitino sector of the conformal supergravity action can be included
[21], although left here for future work. The boundary N = 1 SCFT includes the super-
symmetry current in the supercurrent multiplet and the superconformal anomaly, given by
the γ trace of the supersymmetry current, as part of the anomaly multiplet. The central
charges a and c also describe the superconformal anomaly. The holographic supersymmetry
currents can be constructed and their divergence and trace determined. The Ward identi-
ties will then include these fermionic currents as well, while anomaly matching will provide
additional consistency checks for the AdS/gauge duality.
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Appendix A: Subleading Holographic Anomalies
The holographic calculation of the U(1) and trace anomalies for a generic U(1) gauge
field coupled to a gravitational theory with a cosmological constant in five dimensions,
including four derivative terms, is considered. The bosonic part of the gauged supergravity
action relevant for the holographic trace anomaly calculation is obtained by imposing the
appropriate SUSY relationships among the generic parameters as presented below. The
leading, two derivative part of the action contributing to the trace anomaly takes the form
Γ
(1)
Leading =
∫
d5x detE
(
1
2κ
R + Λ− ZA
4
FMNF
MN
)
. (A1)
The relation between the gravitational constant, the cosmological constant, and the radius
of AdS space follows from the Einstein equation as
κΛR25 = −6. (A2)
Three types of four derivative terms are relevant for the holographic calculation of the trace
anomaly. The first type includes the curvature-squared terms [6]-[11]
Γ
(1)
Subleading =
∫
d5x detE
[
αR2 + β RMNR
MN + γ RMNKLRMNKL
]
. (A3)
Including these terms, the modified Einstein equation still allows Anti-de Sitter space as
a solution, but results in an altered relationship between the gravitational constant, the
cosmological constant, and the radius of AdS space, now involving also the parameters α,
β, and γ, as
6
R35
2κ
+
1
2
ΛR55 + 40αR5 + 8βR5 + 4γR5 = 0. (A4)
Note that for the special values of the parameters α = 1/6, β = −4/3, and γ = 1, the three
curvature-squared terms combine to yield the square of the Weyl tensor, and the relationship
between the gravitational constant, the cosmological constant, and the radius of AdS space
is seen to reduce to the one that is obtained in the absence of the curvature-squared terms.
A second type of four derivative terms couples the square of the gauge field strength tensor
to the curvature tensors,
Γ
(2)
Subleading =
∫
d5x detE
[
δ RFMNF
MN + ξ RMNFMKFNLg
KL + ζ WMNKLFMNFKL
]
,
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(A5)
and a third type includes terms that involve the square of the gauge field strength tensor
and two additional derivatives,
Γ
(3)
Subleading =
∫
d5x detE
[
µFMN∇N∇RFMR + ν∇MFNR∇MFNR + σ∇MFNR∇NFRM
]
.
(A6)
The holographic trace anomaly is determined by the logarithmically divergent part of the
on-shell action as
Γon−shell = · · ·+ 1
2
ln
(
ǫ
R25
)∫
dx4
√
−detg(0)A+ . . . , (A7)
with the regulating near boundary surface located at ρ = ǫ and with minimal subtraction at
ρ = R25. For generic values of the parameters, the holographic trace anomaly thus obtained
reads (see [6]-[11] for the gravitational contribution)
Θµµ =
(
1
8
R35
2κ
+ 5αR5 + βR5 − 1
2
γR5
)
W 2 +(
−1
8
R35
2κ
− 5αR5 − βR5 − 1
2
γR5
)
RGB
2 +(
1
4
R5ZA − 20 δ
R5
− 4 ξ
R5
+ 6
ν
R5
− 3 σ
R5
)
F (0)µν F
(0)µν , (A8)
where the square of the Weyl tensor and the Einstein-Gauss-Bonnet invariant are defined as
W 2 = W
(0)
µνκλW
(0)µνκλ = R
(0)
µνκλR
(0)µνκλ − 2R(0)µνR(0)µν +
1
3
R(0)2,
RGB
2 = R
(0)
µνκλR
(0)µνκλ − 4R(0)µνR(0)µν +R(0)2. (A9)
The anomaly in the divergence of the U(1) current Jµ is holographically obtained from the
variation of the action under the U(1) gauge transformation δAT = ∂TΩ(x). The relevant
leading, two derivative pure Chern-Simons term in the action is
Γ
(2)
Leading = C
∫
d5x detE EMNRSTFMNFRS AT , (A10)
while the subleading, four derivative mixed Chern-Simons term takes the form
Γ
(4)
Subleading = −D
∫
d5x detE EMNRSTRXYMNR
Y
XRS AT . (A11)
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The U(1) anomaly is obtained from
δΓ = −
∫
d4xΩ(x)AR, (A12)
resulting in
√−g∇µJµ = C ǫµνρσF (0)µν F (0)ρσ +D ǫµνρσR(0)ξζµνR(0)ξζρσ. (A13)
All of the above terms appear in the bosonic sector of the five-dimensional N = 2 conformal
supergravity action [22] further extended with four derivative terms [10, 11], Γ = Γ
(1)
Leading +
Γ
(2)
Leading + Γ
(1)
Subleading + · · · + Γ(4)Subleading, with now the gauge field Aµ corresponding to the
gravi-photon and the U(1) current Jµ equal to the R-current. In terms of the gravitational
constant 2κ, the cosmological constant Λ, the wavefunction renormalization factor ZA, and
the parameter γ that sets the scale for the subleading terms, supersymmetry forces the
remaining parameters to take the values
C =
1
12
√
3
Z
3
2
A
√
2κ
(
1− 8
3
γΛ(2κ)2
)
D = − 1
2
√
3
γZ
1
2
A
√
2κ
α =
1
6
γ
β = −4
3
γ
δ =
1
6
γZA(2κ)
ξ = −8
3
γZA(2κ)
µ = −4γZA(2κ)
ν = −2γZA(2κ)
σ = −2γZA(2κ). (A14)
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